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(54) nUe: METHOD OF MAKING DISPERSION DECREASING AND DISPERSION MANAGED OPTICAL FIBER 
(57) Abstract 



The invention is a method of making an optical fiber or cane (600) that 
has optical properties that vary axially. Core glass (100) and clad glass (200) 
are fed into a furnace to fomn the cane or fiber. The velocities of the feeding 
of the clad and coie arc comrolled so that the total combined mass per unit 
time is constant. The diameter of the core (604) varies along the Icngtii of the 
fiber or cane in accordance with the control of the velocities. The variance in 
the core diameter results in the variance of Ae axial optical properties of the 
fiber or cane. 
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METHOD OP MAKING DISPERSION DECREASING 
AND DISPERSION MANAGED OPTICAL FIBER 

BacKground of the Invent ion 

This invention relates to methods of making 
5 optical fiber having longitudinally varying optical 

properties. Optical fibers made in accordance with the 
invention may include dispersion decreasing and 
dispersion managed fiber « Such fibers may be used for 
soliton pulse transmission^ in which an optical soliton 

10 pulse maintains its original shape as it travels along 

the optical fiber. However, the invention is not 
limited to this application « 

Dispersion refers to the spreading out of light 
pulses as they travel in an optical fiber. Such 

IS spreading of a soliton pulse causes attenuation losses 

as the pulse travels along the fiber. Dispersion may be 
coitpensated for by changing the optical properties of 
the fiber so as to reduce the total dispersion. Two 
types of fiber which cospensate for dispersion are 

20 dispersion decreasing fiber and dispersion managed 

fiber. 

Dispersion decreasing fiber has a slow change in 
dispersion over the length of the fiber. This gradually 
decreases the dispersion in the fiber and thus decreases 
25 the effect of attenuation losses on the transmission of 

a soliton pulse traveling along the fiber. 

Dispersion managed fiber is characterized by 
sections of positive and negative dispersion, with 
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relatively sharp transitions between each section. 
Dispersion mauiaged fiber strives to create a fiber where 
the overall dispersion of the fiber is zero, but the 
dispersion at any one point is either slightly positive 
5 or negative. Such a scheme minimizes the effects of 

four- wave mixing, self phase modulation and other 
nonlinear optical effects that are produced by 
transmitting data pulses at the zero dispersion point, 
while still effectively compensating for the chromatic 
10 dispersion effects that occur over the length of the 

fiber link. 

The present invention is directed to methods of 
making dispersion decreasing and dispersion managed 
fiber by axially changing the optical properties of the 
IS fiber. 

Prior art methods of making fiber, having axially 
changing optical properties, each have associated 
disadvantages. For example, changing the core -clad 
ratio, by either machining or chemically etching the 

20 consolidated preform or core cane, alters the optical 

properties of the fiber. Unfortunately, this method 
adds additional processing steps and additional select 
losses associated with these steps. Changing the draw 
tension may also change the optical properties of the 

25 fiber axially, but, this method fails to maintain the 

advantages of drawing fiber in a particular tension 
regime. Another alternative, altering the optical 
properties of the fiber by drawing a fiber having a non- 
constant outer diameter, creates unwanted 

30 connectorization cuid splicing issues. Theoretically, 

the optical properties of the fiber can be changed by 
placing multiple overclad compositions on the fiber to 
obtain stress effects in the drawn fiber. However this 
method would alter the existing laydown and 

35 consolidation processes to such an extent that it would 
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not likely provide a viable manufacturing process. 

Thus, there is a need for a method of changing the 
optical properties of fiber that does not have the 
disadvantages associated with these prior art methods. 

Summary of the Invention 

It is an object of the present invention to 
provide a method of making dispersion decreasing and 
dispersion managed fiber without additional 
manufacturing steps or the select losses associated with 
such additional steps. 

It is a further object of the present invention to 
provide a method of making dispersion decreasing and 
dispersion mamaged fiber which maintains a particular 
tension regime during the draw process. 

It is an object of the present invention to 
provide a method of making dispersion decreasing and 
dispersion managed fiber having a constant outside 
diameter. 

It is a further object of the present invention to 
provide a method of making dispersion decreasing and 
dispersion managed fiber which does not alter existing 
laydown and consolidation processes. 

It is an object of the present invention to 
provide a method of making dispersion decreasing and 
dispersion managed fiber which allows the axial location 
of change in the dispersion in the fiber to be 
determined. 

The disadvantages and limitations of other methods 
of chcuiging the optical properties of fiber are overcome 
by the present invention, which provides a method for 
separately controlling and varying the input, into a 
furnace, of core aind clad material, and thereby 
controlling the core diameter of the product which exits 
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the furnace, i.e. either core or fiber, e.g. by drawing 
a rod and tvbe simultaneously using separate downfeeds. 

Brief Degcription of the Drawinga 

The above and other objects and advantages of the 
invention will be apparent upon consideration of the 
following detailed description, taken in conjunction 
with the accompanying drawings, in which like reference 
characters refer to like parts throughout, and in which: 

PIG. 1 is a diagram showing an illustrative 
embodiment of a method of making Dispersion Decreasing 
and Dispersion Managed Fiber in accordance with the 
present invention; and 

FIG. 2 is a block diagram of a control system of 
the present invention. 

Detailed Description of the Inventiton 

The method of the present invention includes 
mounting (1) a rod containing core glass and possibly a 
material amount of cladding glass, and (2) a tube of 
cladding glass, on separate downfeeds going into a draw 
furnace such that the rod is within the tube. (As those 
skilled in the art will recognize, "core" glass has a 
higher refractive index than "clad" glass.) The rod and 
tiibe are lowered through the furnace and combine to form 
a fiber which is drawn from the furnace. The velocity 
of each downfeed is separately controlled and 
coordinated such that the mass per unit time of glass 
passing through the furnace remains constant, while at 
the same time varying the amount of rod and tube 
material passing through the furnace. 

The result emt fiber (or cane) drawn from the 
furnace has a constant outside diameter. However, the 
diameter of the core of the fiber varies along the 
length of the fiber in accordance with the variance of 
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the amount of tube or rod material passing through the 
furnace. It is the resulting variance in the core 
diameter of the fiber which provides axial variation of 
the optical properties of the fiber. 

In making dispersion decreasing fiber, the 
variance in the diameter of the core is very gradual, to 
allow for a slow change in dispersion along the length 
of the fiber. The making of dispersion managed fiber 
requires more abrupt changes in the diameter of the core 
of the fiber to create sections of positive and negative 
dispersion fiber with relatively sharp transitions 
between each section. Both gradual and abrupt changes 
in the core diameter of the fiber may be obtained 
through the process of the present invention. 

PIG. 1 is a generalized illustration of the fiber 
drawing process of this invention. The rod 100, 
consisting of all core material and possibly a material 
amount of cladding is mounted on a downfeed 102. The 
tube 200, which consists entirely of cladding glass, is 
mounted on a separate downfeed 202. The clad glass of 
the tube 200 may be pure silica. A control system 204 
may be operated manually or automatically to control the 
velocity of the downfeeds 102 and 202. The control 
system 204 includes a programmable controller which 
includes two motors (not shovm) , in which the first 
motor is connected to do%mfeed 102 and the second motor 
is connected to downfeed 202. The control system 204, 
with the use of the motors, controls the velocity of the 
downfeeds 102 and 202. In controlling the velocity of 
the downfeeds 102 and 202, the control system 204 
insures that the mass per unit time of glass passing 
through the furnace remains constant, while at the same 
time varying the amount of rod 100 and tube 200 passing 
through the furnace 300. The programmable computer is 
programmed with the desired variation of the core 
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diameter, as a function of fiber length, and receives a 
feedback signal from the fiber draw system representing 
draw speed. 

The rod 100 and the tiibe 200 combine in the 
furnace 300 to form a fiber or cane 600. Cane is 
thicker and sturdier than fiber, includes an inner core 
region and a surrounding clad cuid may later be overclad 
and drawn into fiber. My invention is applicable both 
to making fiber or cane. However, by way of 
illustration, my invention is primarily described herein 
with reference to making fiber. The fiber or cane 600 
is drawn from the furnace by a set of tractors 500. 

The principle of operation of the invention is as 
follows. At steady state, the total amount of glass 
going into the draw as rod 100 and tube 200 is equal to 
the amount of glass coming out as fiber 600. This can 
be represented by the following equation: 

where V, - the velocity of the component x; and 
Ax - the cross sectional area of conponent x. 

The diameter of the core of the fiber, D^or. inay be 
described by the following equation: 

Where Dttt., - fiber diameter; 
K » the ratio of the area of the fiber to the sum of 

the areas of the rod and the txibe; and 
f - the ratio of the area of the core diameter to the 

outer diameter of the fiber. 

The outside diameter of the fiber, Dfu^^, may be 
described by the following equation: 
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Combining the equation for Ocor« Dfxt«r gives the 
following expression for Dcor«: 

D ^f^^^ 

Bach of the texms of this equation can be varied over 
time. Desirably, the dimensions of the rod and the 
tube I as they are fed into the furnace, remain constant. 
It is also desirable that the fiber drawn from the 
furnace has a constant outside diameter. Therefore, 
when these factors are constant, K and f are constants. 
An inspection of the eqpaation for Df^t>«r shows that in 
order for Dfi^^r to remain constant while Dcor. varies, at 
least two of the terms must be varied. (Although 
constant outside diameter is not required for optical 
properties, it is a desirable attribute for cabling, 
connecting and splicing.) 

Examination of the equation for Dcoc* as a function 
of time shows that Dcore can be varied in a variety of 
ways to obtain a fiber having a constant outside 
diameter. In theory, any two of the variables, Aj^d* 
Atub«# ^totit Vt„b« or Vfib,r could be modulated in such a way 
to produce a fiber having a constant outside diameter. 
This invention is directed towards those combinations of 
variables that do not require changing A^od or At^b*- 
Using the approach of changing only draw speeds or 
downfeed speeds makes it possible to correlate changes 
in the fiber with changes in draw or downfeed speed, 
that would not be as easily done with changes in A^od or 

Three possible combinations of velocities can be 
varied over time: Vtit^^Vt^; Vtub«V^od/ and Vfib,,Vt„b.. Varying 
VrodVt„b« while holding V(^^, constant requires that the 
mass per unit time of glass passing through the furnace 
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be constant, so there is little or no change in the 
shape of the root 400 that is normally associated with 
changes in fiber draw speed. This minimizes unsteady 
state behavior and madces it easier to control the 
5 process. This approach also makes it easier to 

determine where the changes in the core diameter occur 
in a fiber by correlating changes in downfeed speed to 
the length of fiber drawn. There is some lag time 
between when the downfeed cheinge is made and when the 

10 drawn fiber actually starts to change, but under the 

relatively steady state condition provided by holding 
Vfib«r constant, this lag time is fairly constant. This 
also cuts down on waste which in turn makes the 
manufacturing of dispersion decreasing and dispersion 

15 meuiaged fiber easier and more cost effective. 

A block diagram of a control system which may be 
used in the present invention is set out in FIG. 2. The 
control system may be implemented using conventional 
components which perform the designated ccxnputational 

20 functions, e»g* a conqputer* In this control system, 

Arod/ Atub., K and f are constants, as the chemical and 
physical composition of the rod cuid tube and their cross 
sectional dimensions, do not vary substantially along 
their length. The diameter of the fiber, D^b.^/ is set 

25 based on the specification of the fiber. A typical 

value in telecommunication fibers is 125 /m. Vfib.r is 
set or controlled based on the capacity of the draw, and 
the ability to adequately control any secondary 
processes, such as coating application in the case of 

30 fiber. In general, Vfxb«r is set as high as possible, 

while still maintaining control of the process to 
maximize draw capacity. The value of D^ot* is determined 
based on the dispersion target for the particular fiber 
being made and is provided to the control system from 

35 the programmable computer. For exaniple, to produce a 
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dispereion decreasing fiber, Dcor* would be slowly 
decreased over a length of fiber tens of kilometers in 
length. To produce dispersion mcoiaged fiber, the core 
diameter would be increased and then decreased, as 
5 indicated in Pig. 1 by the core portions 602 and 604. 

The calculation determining the waveguide dispersion may 
be done separately from the actual control process or 
directly in the control loop by the determination of 
Dcor«. Th® calculation may also be incorporated into the 

10 control scheme in which case the waveguide dispersion 

would be an independent varicd^le and Dcor* would depend on 
the waveguide dispersion. My invention allows the 
production of a fiber or cane having a core diameter 
which varies linearly or non- linearly as a function of 

15 length. 

Once Dftb«r* VfibT and 

^core are established, V^o^j xs 
calculated from the following equation, which can be 
derived from the steady -state mass balance and the 
expression for Dcor. previously shown: 

* u » rod 

Once Vrod has been determined, Vtub« is calculated 
from the overall mass balance through the furnace: 

'tube " 

To produce a dispersion decreasing fiber Dcore would 
25 be slowly decreased as the rod and tube were drawn into 

the fiber. As Dcor. is decreased, V^^i will be decreased 
by a factor of: 

At the same time, Vtub« will increase by the factor 
30 Acod/Atube/ thereby maintaining a constant mass balance in 

the furnace. 

Similar control schemes may be used for the cases 
where Vtub« is held constant and Vf^ber and are varied, 
or where V^od is held constant and 

Vfiber and Vtub« are 
35 varied. In the case described above, it is also 
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possible to reverse the calculation of V^^^,^ and V,od# such 
that Vtub# is a function of Dco« and V,od is calculated from 
the mass balance. 

Thus a method for creating dispersion decreasing 
5 and dispersion managed fiber is provided. Although 

particular illustrative embodiments have been disclosed, 
persons skilled in the art will appreciate that the 
present invention can be practiced by other than the 
disclosed embodiments, which are presented for purposes 
10 of illustration, and not of limitation, and the present 

invention is limited only by the claims that follow. 
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WHAT IS CLAIMED IS: 

1. A method of making optical fiber or cane 
having a core and surrounding cladding, which conqprises: 

supplying core glass material and cladding glass 

material to a furnaces- 
varying the volumetric ratio of said core glass 

material to said cladding glass material passing through 

the furnace; 

combining said core glass material and said 

cladding glass material in the furnace; and, 

drawing from the furnace am optical fiber or cane 

which has a constant diameter. 

2. The method of claim l wherein the optical 
fiber or cane is drawn at a constant speed* 

3* The method of claim 2 wherein the diameter of 
the optical fiber or cane continuously decreases. 

4, The method of claim 2 wherein the diameter of 
the optical fiber or cane continuously increases, 

5. The method of claim 2 wherein the diameter of 
the core of the optical fiber or cane alternates between 
decreasing with length and increasing with the length 
of fiber or cane draim* 

6« A method of making optical fiber or cane 
having a core and surrounding cladding, which cc»nprises: 

feeding core glass and cladding glass into a 
furnace ; 

providing a signal representing a desired 
variation in the diauneter of the core of the resulting 
fiber or cane in response to said signal; 
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in response to said signal, varying the volumetric 
ratio of said core glass material to said claddding 
glass material passing through the furnace; 

maintaining a constant volumetric flow of glass 
5 through the furnace; 

combining said core glass material and said 
cladding glass material in the furnace; and, 

drawing from the furnace an optical fiber or cane 
which has a constant diameter. 



10 7, The process of claim 6 where said varying 

step is con^)rised of the steps of: 

in response to said signal, varying the rate at 
which said core glass is feed into the furnace; 

generating a second signal representative of the 
15 rate at which said core glass is feed into the furnace; 

and 

in response to said second signal, varying the 
rate at which said clad glass is feed into said furnace. 



6. The process of claim 6 where said varying 
20 step is coirprised of the steps of: 

in response to said signal, varying the rate at 
which said clad glass is feed into the furnace; 

generating a second signal representative of the 
rate at which said clad glass is feed into the furnace; 
25 and, 

in response to said second signal, varying the 
rate at which said core glass is feed into said furnace. 



9. A method of making optical fiber or cane 
having a core and surrounding cladding, which comprises: 
30 providing a glass tube which is comprised of 

cladding glass; 
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providing a glass rod which coo^rised of core 

glass; 

placing said rod in said tube; 

attaching one end of said rod to a first drive 

means ; 

attaching one end of said tube to a second drive 

means ; 

lowering the other end of said rod and tube into a 
furnace; 

independently varying the rate of lowering of said 
rod and said tube into the furnace so that the ratio of 
rod material to tube material fed into the furnace 
varies; 

drawing an optical fiber or cane from said furnace 
which has a constant outer diameter and a varying core 
diameter. 
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